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o FIMIED Top partner/bottom partner EFEELPT LN (ERHNB)
— EItH
— SUSY = &S 3t AR R EELD
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A=0.22
o EEBMIZIIFYMEDOEZENNINERHLNS tree £,0(12) Tsuppress AL TLY
BHNDT,.FMEDEZENHDHEEHMS loop 12 access LT

. B
— Kaon (221)
o FHARWELGHFHULVSD, Strange = tree : V,=0(L)
— B(3°2)

e BOFMMAE->TILYRLY, Strange?2 = tree : V. HOL) L4 T O(12) f2of= !
o CKMAZELZEIZILF—%FH->TWAZELBARNEFRNMFREIZIEEMNLEGET-
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o KEKBAMZEIFDIOEDILS /O T(— RN o S

- Nano_beam SCheme XZO' beam Current X2 8.44 046 10.00 10.02 10.34 10.37 10.54 10.58 10[62

o Mass (GeV/c)
o JEXFFLARILIT— 7GeV x 4GeV € Y(4S) resonance Lt

— BFEKTE CPV ZAIE T 51=H(Z. BH[EF% Z A [ boost
— boost factor (& KEKB &Y /IN&E<L7EoT=

New superconducting /
final focusing quads

Redesign the magnetic lattice to
reduce the emittance

Add / modify AF systems =8
for higher beam current

l/a Positron source

|y —

; New paositron target /
capture

i
Danningring/‘ . l'-

‘.

Low emittance

L=8-103% s-ilcm-2
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Barrel/Forward Endcap Kaon ID D Kig74: [\ £
e B2>K*yVSB-2>py

- BERABRHSFOARIKIPISELS SAEIFKRES

« Vertex resolution M A]_E . long lived Ks Z{# 7= vertexing efficiency MDA Lt
LHCb TEFE n0, K* L EBA A RE. BEFDIDLAIEE

. (li(&“) ITARTOBFfEFRRRZREEHRT S
— HEIDBEHEERT HEIZLY. B'D nothing TSAHIEFERATRE
— Effective flavor tagging efficiency >30% (LHCb ~3%)

KL and muon detector
Resistive Plate Counter (barrel outer layers)
cintillator + WLSF + MPPC (end-caps , inner 2

Belle 1l TDR, arXiv:1011.0352

EM Calorimeter
Csl(Tl), waveform sampliny
\ Pure Csl + waveform samp

electrons (7GeV) ion counter (barrel)
= rogel RICH (f forward)
n Belle
Vertex Detector

2 layers Si Pixels (DEPFET) +

4 layers Si double sided strip DSSD J &'/ N ‘%
. .
ST E i
£

Central Drlft
Smaller cell s
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Luminosity Projection
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— BHMEFDEL 1x10M
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o ZIRITERERMHY . B RIGAEHI AIEE
o HMIBIZEURILE—R . SM reference ETEARETE—R (KDY
HIZHEEe)
— Tree : b—=>c, b>u
e Annihilation B>1tv, uv

— Loop : b—2>s, b>d
» Radiative decay b—>sy, dy

| 1/
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KAASADEHEE
o HIRHAHERED DU LEMN/INELY > ILE/ O Ta—DHNE
— B(B=>KI+l-)=0(107) : Belle 1 THE R St.7= b>sl+l- process
— B(B=>py)=0(107) : Belle 1 THF R M7= b>dy process
— Belle 1 (BB M%X : Nyz=7.7x108
— Belle 2 BB MK : Ny=5.0x101°

. lii;:l, FEAEDHKRHHE—FTTHRLERETAE-HET
VAR
— BFDFEEBRIED AIZ1X0(1000)4 RSB, CPVDFREZFEBITED A
[Z1X0(30000) A R R BULMEARLLY,
— Differential # R AL ILITZLDARU ALY
— HAIDBZE tag T AMLEMNBHBERIET tag efficiency 0(0.1)% IZ KUk
STRREMNBRGL, ZLDOBHKE
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— Mixing : |AB|=2
— Penguin decay : |AB|=1
Y1)—

— Leptonic decay

IRET /<) —h HSFE—F(LFU Violation)
— B>DM*)ty

— b>sIl

FFEINEOND TREONE-YLMGRBLEEA(TEEXEEA).

ICHEERGE-FABHYFTIHN BRICIEFADNATABNA2TVET,
CEMTSY,



Mixing TD Fr ik

e Mixing DR DFMEDIRIEEFEZE RO
e —>Unitarity Triangle

phase
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Unitarity Triangle

e Quark M weak decay Tld CKM element H3HhvHhv5
— Phase B’&HAHD I 3=>1 D transition Vub, Vid

Vid" Vas/ Vi - A A AN3(p—in)
Vo= Ve | Vel V| = -\ -2 AN
I';d | ts I}b , .—1)&?(1 — P — H-fj.f) —:1)\-:') 1

by Wolfenstein parameterization

B,=(bd)
Irreducible complex phase Vu+ V.V "}E — 0

(P, 1)

cause CP Violation!

Comprehensive test;
measure all the angles and sides.

B system : very good place,
all the angle are 0(0.1)!
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o AZA)TA4—Z=HAM%E Tree FRIEL Loop TOLRXTHER
— FYEIL Loop ITOAFETHEREDHLNA TS
« Belle | EBRDAN=ZARDDEADDODAEEZHFERCUETES
— fA : CP Violation MAIE
— 30 : BRIES I EEDBITEE LLIE mixing D ERE D BIZE
o BL.AZAYTA—=BEH Tree & Loop TEILGNIE D) 7 7EEHTHE DAL

Mixing + B=>71mt, pmt, pp .
o B,° mixing frequency

Mixing + B->J/yKs

(1.0) LOOP side angle
phase 18
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o BEMNKEELEREWLGZIEIEIEAR Before Belle 11 (2018)
LAY, DLEITFXLTLNS
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T T L. T T
g A &.&rn, 3
o 203FDHFIMEZRAWVWTEREZIET o8 % am, £ =
] Summer 12 -
d 0 -
BEXUMNIEH-EYRZS = | Mok o
o - :--.‘-. (u':‘;?:ﬁu-':ss. E
- é—co)ﬁg ~1 F;o) ﬂ/\%—Cb\I]E = o4 % Yy =
5 : 3 0, 3
o $1,02 [FIRFK 5 dominant 03 - =
2 J
«  $3[FZEER dominant 02 | =
. < g == =
— 2TODE 1~ 2%DEETHE /] n :
= X X ¥ X PR - | I I.-I. PR | " — l — =
b cb (iﬁ.%rﬁ dominant 0004 -02 0.0 0.2 0.4 0.6 0.8 1.0
.V, & Lattice QCD dominant P
ub td
Observables Belle Belle 1T 203 1
(2017) 5 ab~! 50 ab~! 07 for——— 1 T =
sin201(B = J/vKY)  0.667 +0.023 + 0.012 0.012 0.005 s 5 : E
S(B — oK) 0.900% 0.048 0.020 P L g
S(B =K% 0.68 + 0.07 £ 0.03 0.032 0.015 05 3 -
S(B — J/r) —0.65+ 0.21 +0.05 0.079 0.025 g _ h, W
b ] 85 + 4 (Belle—~BaBar) 2 0.6 = ER N E
0.3 ' ®, ]
o3 GGSZ 68 +13 4.7 1.5 o, J
0.2 ' -
Observables Belle Belle 11 E | | -
) 041 ' =]
(2017) 5 ab™! 50 ab~! ; 9, &
|V,p| incl. 42.2-1073 - (1 £ 1.8%) 1.2% E 00 F— L e 1'*0
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[Vis| inel. 4471073 (14 6.0%ex. +2.5%:,.)  3.4% 3.0% P 19
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M. Blanke and A. J. Buras, Eur. Phys. J. C79 (2019) 159

Current Situation

« ALTH?
e Hint for NP in mixing?

0.4
0.3 ﬁ/
~ sin 23

0.2
AM,

ol AM,

0.0 : : : :
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arXiv:1309.2293

200TeV DB R —)LIZFZEwTRE N = ViV

¥ 2 y 2 1 2 1 E T
rd, —d. 9 1G] (Am)|C4)° (45 TeV e Nt
ij ij

% (a SM h=0

R T 2 - -
A2 qi, L7 Q’j._L) Couplings NP loop |Scales (in TeV) probed by
order |B, mixing| B, mixing
o |Cij| = [Via V5| | tree level 17 19
SUSYTZ& 10 TeVD FHER 7 — )L (CKM-like) |oneloop| 1.4 1.5
— ¢, EAMITSUSYDEEMNTEND Cij| =1 |tree level 2 10° 5 x 107
(no hierarchy) | one loop| 2 x 107 40
Tanimoto and Yamamoto Phys.Lett. B735 (2014) 426-437
p-value
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BF(B2>X.Y)

EERLERIBRON—

— Exp ~5%

— Thoery ~5%

RERI I TIZRIHIRE dominant A K=
DIETTIREZ 3% [TT HFEMAIRE

Misiak et al 2015

3.36 £ 0.23

Belle 2015 711ib’
Semi-incl.
M, <2.8 GeV

Babar 2012 429f

Semi-incl.
My, < 2.8 GeV

Belle 2009 6050
Full-ingl.
E, >1.7GeV

Babar 2012 3471

Full-incl.
E, >1.8GeV

CLEO 2001 9.1fb"
Full-incl.
E, > 2.0 Ge

Babar 2008 210fb™

Full-incl. had. tag
E,>1.9GeV

PDG 2018

3.75+0.18 +0.35

3.52 £ 0.20 £ 0.51
—_—

3.47 £ 015 +£0.40
————
3.3210.16 £ 0.31

3.29+0.44 £ 0.29

3.90 + 0.91+ 0.64

3.49 019

WA ——
E, > 1.6 GeV

HFLAV 2017

WA
E, > 1.6 GeV

Belle 1l 2025
Full-incl.
E,>18G

— WAIZ 2.6% BN
BB DBREDTFEMIZ 3.5% (2025%F) <H
WZHEZ NS

3.32+0.15
——

3.36 £0.01+£0.11
=
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15 2 25 3 35 4 45 15074
X

B(B_)‘Xs Y)E7>1.6Gev

Private communication with M.Misiak

B R —)L

— faZEEvysg X M, >900GeV 4
— ohfS tanB 4EI(~5) 1& LHC &Y EELL HIRE ool

Ishikawa private estimate

tanp

| .
95% CI-'s exclusions _

E C{oserved. v

—= - Ekpected, tv

H'— 1v,tb
hMSSM
Vs =13 TeV

Observables Belle 0.71 ab=!  Belle I1 5 ab=!  Belle IT 50 ab~1!

Br(B — X,~)fPtee 5.3% 3.9% 3.2% 3l Y abserved, to

Br(B — Xs?)ﬁ?cdimg 13% 7.0% 4.2% 2 e~ . E=<pected. tb

Br(B — X.7)sum-of-ex 10.5% 7.3% 5.7% 1

Aos (B — Xo7)sum-ofex 2.4% 0.94% 0.69% 1 : -
Aoy (B — X,y qy)padtes 9.0% 2.6% 0.85% 06 [

i o 5 \ * | 1 1 1 | 1 1 1 i
400 600 800 1000 12001400
m [GeV]3

Belle Il Physics book 1808.10567 200



AA(B2X.y)

Ac(BOXy) ITFIEDCPVIZEUR LN TICHERBEMN
FE
B — X/y) - I'(B— X.7)
I'(B— X))+ (B~ X.7)
=T EH AAL, [XSMTO O THYIE (ZBUR
AAcp = Acp(BT = X1y) — Acp(B° — X2v)

— 47r2a-5A—78[m (@) \
mp, Cr

44(_7]3 —

:"\78
~0.12 ( 100 MeV

Ex. SUSY with flavor violating trilinear couplings

Belle THIM;BITE 2018
FELZRMFBEITFESES O Bellell TESIZHEHFES

1 L
C-

Benzke et al 2011
06 <A, <+28

Belle 2004 140fb

+02+50%+3.0

-15

)I (g) M. Benzke, S. J. Lee, M. Neubert, G. Paz, JHEP 08 (2010) 099

and K. Yamamoto, JHEP 04 (2018) 019.

AAcp = [+3.69 + 2.65(stat.) + O.TG(syst.)]% Watanuki, Ishikawa et al, PRD 99, 032012 (2019)

Observables Belle 0.71 ab™?

Belle IT 5ab~!

AACP(B — XS'}’)sum—of—ex 2.7% 0.98%

Belle Il Physics book 1808.10567

Semi-incl. Lep. Tag. N

My <2.1GeV

Babar 2014 429fb +17+19+1.0
Semi-incl. — —H

M, <238 GeV

PDG 2018 +15+20

WA —¥—

Belle 2018 7111b’’ +1.44 £1.28 £ 0.11
Semi-incl. —

My <2.8 GeV
IIIIIIIIIIIIIIIIIIIIIIIIIIIII
-10 -5 0 5 10

Yo
Acp(B = Xy)
M. Endo, T. Goto, T. Kitahara, S. Mishima, D. Ueda
Belle IT 50 ab™!
0.30%
24
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AAH(BXy) 1I2& D SUSY ~D #ll iR

e Set a limit on parameter space in SUSY
— Squark 4.5TeVEL T Mparameter space |Z R

PN

Excluded at 2o by Belle

"l AI

AAcp (b-sy) [%]

3.0 3.0 40 45 5.0 5'.5

m- [Te
Lines overlaid onto the figure taken from 5 [TeV]
M. Endo, T. Goto, T. Kitahara, S. Mishima, D. Ueda and K. Yamamoto, JHEP 04 (2018) 019.

Gluino mediated EWP which explains &’/¢ from CPV trilinear couplings 2



Modak and Senaha Phys. Rev. D 99, 115022 (2019), 1811.08088

AAL(BDXsy) EBFE/N\UA IR A

CPV phase

t

Genaral 2HDM (no Z, symmetry) Tl additional
BiFEEE p ah EA b

;N P
Ynis = ﬁ&'j&@—a + ﬁcﬁ—m H—/H/—
f
yfj;ij = )\gcdijcﬁa - @Sﬁfm
‘/i \/§ Ca- a-Ol ptt At,mH _600GeV
s il 0.15F;
HL p NERBTHNIL CPV EEW
Baryogensis N AI BE = "%
AAg, 1 p DB iU g 0
HL-LHC/ILC TD H>bb [IZ&BZIFEEDBITE = _oost
[Z&kY p ICHIBZESZ 5 o
— 3L p OEHEERDITS ILC500 TO B RS HIE -
AAc =015k

(;. - . - - 0.65
BF
ACME Electron EDM Re(Ppb)

26
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B Decays with Multiple v

BHO=21—M)/ZRET 5B TIE FEIOBZHERT W
ENHD
BHD=—21—KN)/ZWET 28I LHCh TIZEELLY
— B->D1v, B2>1V, b2>svv, b2>stt
Three tagging methods
— Inclusive tag

— Semileptonic B tag
— Hadronic B tag

|
1Y\ Adund

m
=
Q.
D)
-
(@}
<
S~
“4
—
-

tag-side signal-side

28



BotviRIEmlE v RERE

e BF(B—2>7tv)in 2HDM type-ll TH:(l—m—fz%tanQB)Q
My
E {+ E (+

W+ H~

— Higgs coupling oc m_
B(B— Ttv) =B(B— Tv)gm X TH
— BF & r, IZLD KB tanB/m, D BEER)

— rylFLT P TL—R—Z&BEL (BDuy) ¢ Voo y
o KBES5THMNIE LFU ViolationDFER

e BFEBEZAIETAZLIZEYREEVY RIEE oo ;

/
";_: 0.2 f
N I
(na]
Integrated Luminosity (ab™') 1 5 50 g o N X """"""""""""""""""
statistical uncertainty (%) 29 13 4 /
hadronic tag systematic uncertainty (%) 13 7 5 %00 0.2 0.4 0.6
total uncertainty (%) 32 15 6 taan{mw [GeV']
statistical uncertainty (%) 19 8 3
semileptonic tag  systematic uncertainty (%) % 9 5
total uncertainty (%) 26 12 5

29



Limit on Charged Higgs

R, at LEP
— tanf3>~2.5
BF(B>Xs v)

— =>>~900GeV in 2031 |shikawa’s private estimation
Assuming SM central values

BF(B>1tv) in 2027

— tanB/M, < 0.008/GeV (4% on BF) 108

— Iftanf=60 2> M_>7.5TeV

For B> Xsy case, 2HDM type-Il is assumed

If SUSY particle contributes to the decay, the result should be changed

ILC T Higgs couplings Z8lFF 3 5FE Tl
B physics observables h' charged Higgs in
2HDM type-ll TEELIELVFIRZE5Z 5

| Future(2031)
|
2 T
5 1
! )
ATLAS ]
|
95% Gl exclusigrls__—{’—
H*— tv,tb bﬁé‘ér;ed, ™ E
TJMSEGM_F’\; - :Expected, ™ i
S = e 3
Ry at LEP 3f--3gffy—-- NN prsrver b2
A e Fxpecled, tb i
|
| \\L __
i | ]
0.6 § W .

200 400 600 800 1000 1200 1400

m,, [GeV]
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RE7/R)—DHLE—F

— D Lepton Flavor Universality Violation 7 /< )—M\$% 5

— Anomaly in b=>ctv by LHCb and Babar.
Belle NEEFEZRT=HSMED LHCb+Babar &4 2552 E Teonsistent

— Anomaly in b—>sl*l- by LHCb

FEAERE R CIELFUVIZEELY

— FII LHC TW2tv,uv D7/ YY—DNEA 1=

b=>ctv
v‘(
! rig
ey
b : o .
> C
D /D’ B°
q q d
Tree Loop

BF~0(102) BF~0(10°) 31



B>D*ty

EERERTIEWENLUTHE
— BRESB X O(1)%EKRELN
E-SHRIF—IONDE=HRL T ADERE
— BUOHIFICHEALOT UL EHYE

e charged Higgs

- EZHEHAEERICHRSFHHE

e Leptoquark, flavored 7’

b—>crtv first observed by Belle
Matyja et al. PRL 99, 191807 (2007), arXiv:0706.4429

BRBIZZ DU ED=Za—r) /D H 516, HHlDB

PR FZEER (tag) LIEKTIEELARLY

— TDOUVV, TDTV

tag-side

signal-side

30— 2
\,\1/52
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5 ab~1 50 ab~1
9 ( sk ) Rp (£6.0 £ 3.9)% (£2.0+£2.5)%
B D TV Rp- (£3.0£2.5)% (£1.0+£2.0)%
P.(D*) +0.18+0.08  +0.06 + 0.04

B>DMtv T3.96 M7 /RU—MRATINEG & [ emwweee - ocmom
o. BF(B>D"tv) . o

R D(} — - % 0as l BaBa:IZ A

( ) BF(B‘)D(*)I\’I) 15/0)Xl/ E l LHCb18 é

03 = B

— Leptoquark %> flavorfull W’ 75 & D ¥ #18 b I ﬁs/ a
WADHIMENE LTI, 2024FFETD o
T—RATT7 /)R TES, CL o HRRET TEEP

(¥ ]

0.3 04 0.5

7/ ERENFRICE D E DB
:E, = &)7"—- %ﬁfl:% }E*E;FI] D EE}E:"J Tanaka and Watanabe 1212. 1878g os

B Belle Il Projection
jos L —— Belle Combination
- —— Babar
— 1 T T T T I T T T T I T T T T T T T T 0'45_ Lch
é C Belle Il Projection 7 C —— World Combination
ﬂ: : Bellz Combination : - - SM prediction: PRD92 054410 (2015), PRD85 094025 (2012)
L +  SM pregjction: PROA5 094025 {2012), PROBT 034028 [2013) - 0.4 .
05 — ] .
- ———— Wector PRD&T 034028 (2013) — -
~ Tensor - : _
- ] 0.35[—
0— L
C 0.3
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fig R % RO ETE (QCD)

* Belle 1 T f#RH KT : B(B>Xsy)
— IBHIRE 7% in 2018 (m,,,>580GeV)

o HERERZE(L b>sg D gluon A spectator [ZIYREN T photon ZHH L b>syIZR
ZBEZ (resolved photon) BN KEM>7=(5%)

e EM %L T spectator M charge |Z{K7F = isospin asymmetry ZBITE T HEFD K

TSNS v
S.J. Lee, M. Neubert, G. Paz, PRD 75, 114005 (2007). b ;J\N\:jﬂ/%
M. Misiak, Acta Phys. Polon. B 40, 2987 (2009) Sy
M. Benzke, S. J. Lee, M. Neubert, G. Paz, JHEP 08 (2010) 099 a,d S a,d

A
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— Belle TITEL isospin asymmetry H' 0 consistent =» resolved photon
DFEEIZKDHREIT/INEL (3%)

Watanuki, Ishikawa et al, PRD 99, 032012 (2019)

— BEMRERE 5% LESNTZ (M,,>800GeV)

B = (3.40+0.17) X 10~
M. Misiak et al 2002.01548
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Full Event Interpretation (FEl)

* Multivariate Technique Z AUV =BEB AR (o) (S5 | (o) (mmcies] £ 5
tag side DB F X et tE-ta tai

— Belle1l &Y ZLDE—FZENM

* B->Dnmx, B>Dnnlv, D>Knmetc s . QNN - Z
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— Hadronic decay & semileptonic decay DI A% tag NN 2 Y4 £
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FEI successfully reconstructed

hadronic B decays

FEI with real data
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e Tagside ZHMERALT=5. signal side M D*) & 1 Hris
DIRFIFZHIERT S
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e Discriminator [ missing mass T final plot [£A0!)— o e
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* Form factor

Rp

M. (GeVIe)

Bigi, Gambino, Schacht 1707.09509 £ 18
— ZEERIIZBOD My TRGAISN TS (CLNDBGL?) Zwft  Eeq
— Lepton mass D3HvHhSform factor X Lattice+Pheno TEHE 1
(BT IZOHAEE) E
* LD QED correction (electron modeld ?) :
Boer, Kitahara, Nisandzic 1803.05881 _

fh1=%, g2 distribution®® D* & 1 polarizations %
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Leptonic T decay : B>D**|v, D**>D (*)

— HLL D** oD n ZBEREH XL -T-

— B>D™IVBISMIIRESE £ (CEAH KTV

- D*BEHLHAESREICEMHELTLEN

m()
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} Belle Il CAIE I RE

Hadronic t decay : B>D*D X, D *) DKX

£5—2I(% feed-down D*>D

— B>D*tv, D*>DX D X *HERHELZWNEBDv DEEERELSD

— Egq D Simultaneous fit ICKY D BET S
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Belle Il Cons and Pros (VS LHCb)

Cons.

— Statistics of b hadrons!!
* We will only have 10! B mesons with 50ab on Y(4S) and 5x108 B, with 5ab on Y(5S)

— No large samples of b baryon and B_

* Production of these hadrons are not yet established around Y(nS).

— Proper time resolution is worse and B meson is not so boosted.
e Background suppression with B vertex is not so easy = fully inclusive b—>sll??
* Bs mixing (Am,) can not be measured (while AI', can be measured).
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Belle Il Cons and Pros (VS LHCb)

Pros.

— Smaller background cross section : ~3.4nb for ee=>qq, ~1nb for
ee—>Y(4S)->BB

— Almost 100% trigger efficiency for Y(4S)—> BB events.

e Main trigger : 3-track-trigger | | ECL high energy trigger.

e Absolute BF measurement possible.
— High hermeticity 41t x 94%

e High reconstruction efficiency of O(1)~0(10)%.

* Full reconstruction possible (Reconstruction of the other B meson)

e More than one missing neutrino modes can be also searched for = B>K*)vv, B>Ktt, B> vv
— Detection of electron

* Detection efficiency of electron is almost the same as that for muon = test of LFU

— Detection of neutrals

* v, m%and Ks can be reconstructed efficiently = sum-of-exclusive approach, B(s)éw
* Better energy resolution of hard y =» B—>py with good PID devise
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The First Collisions observed by Belle Il

e 26th Apr 2018

People excited about the first collision
SuperKEKB control room

Event Display : e+e- > 88

Belle Il control room

L e —T '_"g‘e
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Rediscoveries of B decays

e With 2.6fb!
— We observed B—2>J/psi K(*)

e was golden mode for sin2¢, measurements
 used for calibration of b—=>sl+l-

— We rediscovered the penguin mode B> K*y.

2
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